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PURPOSE: A method and an 
apparatus for forming a multi-layer 
using a photolysis chemical vapor 
deposition method are provided to 
improve performance of deposition by 
using the photolysis chemical vapor 
deposition method for a multi-layer 
forming process using light energy. 

CONSTITUTION: A substrate for 
performing a process is prepared(S1 ). 
At this time, the substrate can be 
formed with a silicon semiconductor 
substrate or a complex compound 
semiconductor substrate. The 
substrate is set into a reactor. The 
mixing gas atmosphere is formed 
within the reactor by mixing two or 
more different source gases(S2). A 
plurality of reaction beams having 
different wavelengths are generated 
(S3). At this time, each reaction beam 
is absorbed by one of the source 
gases and the state of the source 
gases is excited. One of the reaction 
beams is irradiated on the substrate. A 
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different kind of layer is formed on the first layer after the first layer is formed. The other of 
the reaction beams is irradiated thereon. A multi-layer is formed by repeating the above 
processes(S4). 
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( 54) »gMtt s* ra g s ia a qftai s ^j^ aa 3 aa 



g 5M 5f*^i^e^ ^gi ois& past sa&gat 3 s xi on soid. s g^ss 2x1 
gsi a^n- zm&m ^ui^a. ^bis :?ie ^chs ¥ mxisj ^^^m i^siQ. nam, ^ 
±±it±j\ goia^i m^m 4= ^smssi ^§^11 ^tn^p. ngj a§, 21 ^gmssi ygt 

2 AH AH si CfE "§H[§^ 11 mcH^ SAheo£M|, g 01 5^1 CfgejM tj&S 4= 



£ IS S ttSOII 2le> S£ SW3|&g^S§ Olgei C|g°i l^^Sl UEiy S3 °M£0|CI. 
£ 2, £ 3a LH XI £E3cfc g ^SCHI 9\m Om^ ^dlg UEtfcH 3l|B?SE»OICh 

E4bg chi 2ith 5£ m% y j\&mz\ Qmiim jh^^s b^soici. 

£ 5a LUX! £ 5b ^ £ 4011 Sjg* i^SSSxIM £A|& XH^SEMOICL 

ttBOII 2|» 5£ »Sf3|#SSf &m?|2l ^AlOllg UEftH 2J0ID. 
SE 7a » SE 7bhr S ttSOII Hf E MAIMS! £ 6011 2|» I§S§xli UBU! XH££MO|C*. 

£ 8^ s weoii mm om^ m&mmsi aiaioiis Af§@ ^^msi §s4§i u&y zibh^si m 



Mf go/ ^mtr y/m % j mo/s/ mBHJ/m 

S ^ f S8 5f°o|Ah i^gf oiggt ^S^^AH , m$\ ^OlILHXIM OlgsFOI S|S|M 

i^6fb 51 SW3l#S**H(Photolysis Chemical Vapor Depos i t i on ) Oil 2|B aa^ot i^^^l H 
§ XI oil a§[ 20IO. 

aasfs. ettntafe bbi ota a 21 otsoi s»soi ^oi ^o\m &mm uewpi ohsoii us a ±x 

SSi OFU£f ^^Xf ^ Xf^l^Xf mCHJ ^S^jS^I 0|g£JH 2iP. S^5^ ^^Olfe gdPl^e 

a (Physical Vapor Deposition)^ Sf^Ol^e^S (Chemical Vapor Deposition) SOI ^ A^gan 2i 

^qi, oim e^si b^xi ¥ ^hxi°j oigoroi ei^ e 

^^^^M igsfoi $x[™9.^ msm 4^se 2i^ u> ggoj oFg^oiu Sdisi eoii as m 

M^m 1\X\H m\mo\ om^^m fi&mtz mUl/H. a&?ie^a(layer-by-layer)0ll 

^s e^ssfum mm m^m ^ ssoi saq. 

Oiae e^lOll 2\oHM Qm^^m H dg2§b, MBE(Molecular Beam Epitaxy)2f ^IXfg 
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gsfgsi afuei ®mi\g e^s(cyciic cvojoiu cixm s^i^ e^£(Digitai cvd) goi &=? 

32 SifeCII. MBE2I S^Oilb 33*21 §fcj|2* b^g MS Oil SIXfg g^SOl ^B KP. 

^Xf^ g^SKAtomic Layer Deposition)^, AiS &0le* ¥ 21X1 r^^S ^§51 UiOil 12018*01 

sss^gMi, ;?ie &011 ais p§ ¥ ewsj °>§ig ^a^s ^am a§a}§ oia&! 
sx>b?i e^aa see mbechi bisnAi as &ehb £^?mxi spi hhsoii e^^Ei s&aiij 4* 

2irr §§01 &P. 

nana, oiam eensi axis e^^(AL0)e Mmmw am^mm msm wtt, m b 

JIB M0ICHI, 3IB &0II Bdl3 SSI0II SJoHAi ^ii XII ^8^1 91 W. B»«^£B 0|g£ IH XI 

B3IM §81 ^^F6H0t elCI. 0}£|Ai. e2H2l @JfilS[@§ S^S82| WX\&J\\0U SjoHAi 

3£S JHfflltib ^HHJ Ui?£ ^J3l e^S 21o\0\ &0UM °IP. 



crieiAi. s gjgoi oi^^xf 21^3 nu-iizr. ail »&aiij 4= sib ss aspia e^SM 

0ISS D«o| i^^i «IS8*fe 20IP. 

□am, ^4=21 pbqib goiawi 4= sjfcr 5£ sf^oi^e^ e*s:?is xiisafe gsoip. 



&3| 21^ jltXIIBS &£8^l 9l5h01, B ^S2J §§01 }|&g ^di 

&p. ^dis ji& &oii ^4=21 mmi\m ^&e>p. m\n, ±±j\±wo\\ o\m 

AH Cf^ mgg Sfe ^2J yg^II ^^A|34, }|e &0il 0IM ^§Hf§2J SliSii £§A| 

z* z_^°s mens sa^oi j\&o\\ p#e*B gg&>p. 

0121 /H. g^Elhr £:*:^SS ^^g^MOl AH S &0I8HQ, mggsioi AHS &0imp. df 

ZUH, s§ IlfSB #011 OiSHAiB ^2J Sgg 4- &Oi dHjSIShP. AJAIOilSAi AfgSJfe ^ 

^^^^ P(CH3)32I ln(CH3)3:H SiCf. 

DdlH. AH^ QfE E}§! ^4=Sj y§I§E gSSb ^^^f^M s ^CH£ CH 6m 011 °|oH S 

ch£ am^f yiafoi &o\\ mgmn, & ±±Dt±ms □ hfss^oii/h oi^isixi sr^i tm^oii 
oi an Afgsi^ ye^si #§j^ eiioix^ s^^i Afgir 4= ai^cw, oianti &i§§8 d\b 2 soil 

01011 C-\o\W, &&m0\ mO\mi\\ B^m 4= ^^I^IS Imtorr LHII 760 torr M0|2J XH^^ 

^e, e a#ai g^^^oj ag ^AioiisAi. eixn g§§ ^iea o^^a. ^chi 
^4^2j 4:^^^ mmum i^o, ^i&s ^§21 ^saizi §j a^m^Ai ais a 
e m§i ^4^°j ^,01 m^s\ ±±j\±mo\\ ^saizi sai-61- 

01 a§^i g^eip. 

01^1 ah j\mm i\m ^ y^a^ b^i^ yi^t 5Aha^ E^isf sens s^tr ^se ^ji, ^a^^ 
^es m o\± sah oh 0121 =aioii &mw 4£ 2icf. nam, ^^^^si ^noii m 

^iboii sssb =si e^eoi ah^ ^01 am, oim ^^sj m ^ois at- 

^^b^iioii/h ^^eoii sjahoj chmch. ms ci^ nisi ^4^ y§i§§ 

^^1 db^^^e e ^oi£ ch^ am oil °joH s^soi m\ ±±d\±s\ ^ehm cm ai^ 4^ sia. nai 
afoi, y§§ e oiin am^r 5M£jb §21 m\ ^ yi^i e ^ois muj\ vmrn mo\ mm m 
^am, yeoii soist ^^^^ sjsj ei ^^^ r ^^ y§i a^i &9.o\, ^^B^ioiiAi g^son 
°jahoi y§:^§ e ^oi£ am;f ygi a^ eei g^eoii ajoH ^ohsi^ m 

sill am aba. 

s.^, ^IB ^Oil S»5^ ^JIM m&o\D\ 2 Oil 1 mtorr UiXI 760 torr AF0I2J XHEIM^I^IM Sg« 

4^£ ai^ai. oi^ ^ib ^oii/H£i ^^^^ sj esi^i^: a^oi ^i#a^i sufM 4- ?xq. 

oig^i h ^a^eoi ^ 0l sh ^ib ssoii ^gjam, Ji&iif ^^^f^oii iqchs ais 

^oith ^snfssi y§i§ 12 ens sa^^osam, goia^i a§^§ msm 4= sici. 

£ie , s oil crie cii^i ^^a^i ^ia^ i§ oigmoi mm ^^a^ m% v 3\&m^ yi^i 

^. Ui^Oil ajoi£ §fU2j gBlfee 4* XI XI xll M ^di2f, ^bH Ui5] ^|&0i| ^4^°J ^ 

^^^M S^l^ 4> ^^SSSXISf, SW2| ^^Oil §S[£JOi Ai^ DE IlfSM ^4^2J ^§1 

e ^^AIH 4 #^^^2f ^^1 #^^¥21 2^£IOi &}| ^§^1 g CH^ 6IU1 £^m04 
^ I & CHI 4 9X^m X\\0\m= I5AI¥1 i^fe Sg^SxIM 

CX^I/H, ^^S^^XlOilAi ggSb ^>0| ±±D\±m ^rO|e[ ^SUfSOII HjoHAiB OUI£|CH 

»£IH. =2!e^g0| AiS #018*0. 

^I.Sbi Ui2j ^^0i| ^X|£]CH £J\ ^^gSSXIS^Ei ^^^h^r^f ^>^| ^iB°i B^Oil 

os ^Af£J>il 8F£r ^^^A^M CH 5^612 SIP. 01 CHI CligaFOj S53§XIS¥E1 #A^ &}| g]§ 

s^ ^^i ^leoii ^sa^i ^A^aoi s» ^^oii sioi/n ^ w uisi b^b §, v ai^°s M§i 4* sip. 

SBSSxlS¥Ei ^AfSb «Jf§2§Ai SilOIXHg S^g^lB Afg^ 4^ Zl^ ^§1 
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01 i\m saoii dioh ^mo\D\\ d\b asi ±®m ^ o\mmtz ±&^Jum s»e*c*. oi ra, s 

£3£l §£J°S 3CH£ 2f£ U01I/H SIM8101 ^2H(scan)W 4 s 2iE^ 

^0ili= P^SAWl ^xlSJOi °[CH ±£^£M0l J\&9\ B&QU QioHAi 4^S8^I SMEI 

s^, SS3§£I = SWSI &¥0l| ^XISCH &PI »S0]| 0\oWM ^i^SS 4,^0^ a^j 

»S 4* HHxIii ^£ SiQ. 01 (Qj f AH^ Cf^ IIf§i ^4* 0W9\ 

semn. 01^ ^4oh£I e ch^l smsoii o\~± gniei sitii ahoi acHs ^saizj- 3& 

XHICHa^ i^^i^lM CH S»SO. 

SEeh IStH Ui°J XlXIfll^ ^r^t? 4> £l£r Jr^SxIM CH 4- SiCL Jr^Sxl^ 21 S 

g A| 2} LH CHI S^}^ ^^^^e or^l ^oH Ai 3^§S3(Rapid Thermal Processor )g gHI A|- 

mgrn^oi ±m°i sis e^AiEia. 

3£II2. £DbH LH£j &§*g 1 D\21 DI°!^S 4* £U£r 333Xlg CH S»tt 4* 910] . XH2J- & EH Oil 

AH £ S§§ Qgg 4> 

sd\ s g^soii cifM a§^§ saspi $\t\o\ mm oisskm s»g m&m^ ^spisi ci 

@ 61 Al OIIS Alt. LH¥0il ^CH£ 8rU°l 2I&M 4= XlXIXIIg 3*5! 8W2f, gtfl LH Oil ^ CH 

£ ¥ ;>rxis>j £±:>^g ggt 4= ^s^sxisk ly^sj gj^oti sstsioi uieoii etsarg sai- 
m 4* amsj :»a ssis^sxie se&a. 

cm^i ah r &31 ±±d\±*= ^™m^mo\ &s asu, mmm msi 5>b gtsetoi chshah ^ah* is^ 
mm °ich ui&oii eAiw e^i 4- 210. 

sesl ^sssxifc 4^^g g chj= amejg £^moi g^t* 4* ^aioi^ m^m 
a. 

3dlH. ^bH LH2J &<*m 1^1^ Dl°^^ i,^ir 4^ &SSxlM CH 5JLO\ , X^& Q EH Oil AH 

£ g§§ 4- 9lO. 

01 6K ^ gJgSI ^'AIOIIM ^ All 61 ^SelCI. H&iU, CfMOil 0HA|6fe E ^SSi ^ 

A|0j|^ OI2H ^rXI ^EH^ 4= s ^goj go p[ QfeOil ^^8fe ^A| Oil Oil 

2£ OrUCf. B ^AIOII^ & S^IOilM e^Sl XI XrOOl ^ iSl 

£ 1a LHXI £ 1bfe ^ ^SOil Q>E 5£ sf^^l^e^SOII £lst CIS^I l^^SI SEAIS g§ll£OI 
O. £ 1a » £ IbOII £A|E! b^2l ^0|, S CHI WB S&tPI^SST^OII Qm^9\ ^^^S 

EjXH, g§0| ^iee ^dl^CKsD. 01 HH Dl&g y£E^| ^IBOIU ^^ll^M^ t!£! 

s afs^i ^i&(GaAs #) mm Mmm ^ 9io. m\n. j\mm ^§21 y§;i lhoii ^i xi m ^, e 

£|M0| AH^ ^^^^M ^CH£ ¥ XI 01^ 211^1 LH2J ^|& ^^'A|^ &mi\± 

^¥\J\m ^^°[CI(s2). 0|g^| ^^^r^^OI JI& fet CHI 5^93 RfSOl AHS Cf^ ^4^2] g|§|| ^ 

^Ai^ja(s3). oi rj ^ m o\)=z m j[x\o\\m eois^i a^scH ±±j\±m o\d\a\ 

no. 3& cm. oim ^mmm m ch^ qhh <yeio^oi ^ie ^011 sAfgia. 01 an A^gg^ ai 

OlXlilSI S^Id2§ PI& 52011 CH6HA1 ^^HQrOI ^l& SSI S^II^OS ^A\o[^U 22 

si oigmoj ^ie ssoii sMa^i ^4^^ ¥^ioii °jshah ^soi 

sci. xhi mgmn smsi x\&& m, ei hi§§ e ami <y^moi ^ie 22011 sa^m a r 2 
xinesi si^^ib si§oi xiimsi s^oii ^^^a. oig^i msoi ctm &mmm mcn^ ^§ ai4^ 
&mmo\ %A[m a^(s4), sins oi^ois cis^oi i^iQ. 

£ IbOllAi^, AH^ QB Ef§£| &I§SI £Ah8fe B5|l(s14)0IIAI , BX| ^l&s ^r^ ^ 

6^ B3IIM CH 5§6H1 SiCH , ±±D[±^M ^SUfSOII <me^^o^ S4=£J^ ^^r^r^Sf &^i ^e^i 
^§1 ^^A|5|^ 4:^^r^M EEt: m^^. A[§| 4^ SiCf. ^, &!§il 5Ar8rSA1 ^|&g ^ 

pi^o^ ^^iAi^jo^ Mii s^§^ ^ S oj cigojg oia. oig^i e^yeoi 5i^£J^ 

m& D\& ^?\J\^ 2S^EH0|| 91^ ^01 d^*i 6^01 p SS^EHfe Ul^ 0|8r°l &^°SA1 1 

mtorr UiXI 760 torr 2J W\0\\M 2^9Cr. 

£12, ^^S3§X|0HA1 ^b^^^M 5li:i LHSJ I &h CHI ggf d}j^ ^ I & Oil CH6HA1 4=S^^ 4= 

e ^leoii 4=^^^ g^sv sio U enoixHSBi oigg tm^ Pieoii c^sh 4-^^ 

s g^am oigs an^ PiBoii ^sm^i ega^ 3101 51 sm^i&e^ s^e^isi §di?^ 

011 sj&aFD. 

£ 2^ SS4^0ll §^y§§ ^^aPI ¥iar01 HfgOII df^ ^^^^S| Il^il U&y ZIBHH2I 

SS4^^¥EH e^Oil 01 = ^ SAia^CI. dr2f ^01, A ^f^OII CH oH AH F10|B*fe W 

S01I AH ^g4=M0l ^§ feU, B db^^^OII CHoH/H^ F2°j IlfSOIlAi ^§ ^S4-M^ SOIH °ICH 

ais ss^msoi »oicm. zibhhsj m&oii hais ^oi, f,£J m§i p r 2 ^esoii chshai^ a 

±±3\±21 AW F^SSI if g^afOl 01P|@ ^EH AX"°S 2^32 AX 11 ^P&8ri= CIB 21 

^ Xfe 2^ ^IXfl^EHS oH^iaCH ^£|£J2 £4*§* ^^^§1^ ^011 A 2i e^SCI. 8rX|^, B 

by^ f, msaj y§si »sj s^mxi &o r e^^eoi ^oiuxi a^a. ^ai f 2 2j n[§§ ^^ 

2 Blg^OII QioHA< B ^^P^oj BY^ if a^8r01 Oj^lS ^EH°I BY*S #^Sf£|I2 ^IB ^011 

mm m°3\^ ^aoii a ^^^^^ e^^eoi ^oiuxi s^o^ b°ioi d\b sou g^sa. 
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o\d\m. a §y b ±±j\±tt oi^zhi 5£ sf^oi^e^aoii m§i ^ h^ ^^^msai, 

SS(Alkyls)>lia2| M(CH3)x ^ EH U (Carbony I ) 31^2] M(C0)xijEH % ffS2D(Haloaenide) 311 g2| 

TiCU. OrAllgO^ISLIIOie(Acetylacetonate) 31^21 3IXIIS0I A*BB ^ HO. OMM £±3^21 
= 3BI!. §5, o|§ii S4>8r01 J\B &01I S&t£l*= m^^M A SES= B^, Al . In. Ga. Mo. Cr. W. 

Ti. au. cu. pt e°j mm s ^ chse o\± mu?\ a ^ ho. 

oi2i aoi, ^a^eoi oa si ±±i\±s= mmmsm vamM. ss^Absorptionje^ss opis ga 

01IAH 5IB2I ^^^31 BS8*3I $\m SflEKPhoto-dissociation)^ S\H 0IB0I 3IB &0II/H 
«m(Reaction)B 8*01 3IB £011 a»S£tBOI g»KDeposit ion)SO. 

£ 3a LHXI S= 3c ^ 51 If^l&g^Oll 2|B 0#2J gg^gf OI8HSPI £j}|| ££^Sj» ^2| 

eg- ^ s^at q*bb ^sxich s=^si°s uEiy :>H^ k Eoia. e 3acni eaiq stoi, a ^ bhj 

^ ^Xl MAI Oil &h>°^ 3|© ^2JA|^JO. eAIOil £ 3b CHI EAI9 

aoi. 2[2| f, % f 2 2j m§e 3*t ^ ?\x\ &mmm ±§2j aizj- zjass jho\^ sm^ci. 

^. xHB £J EH e= Oil AH ~ Fi 5M5[2 F 2 ^§3^ SA*8>XI 8t2, ¥ fflJH £J&^0||A1^r F 2 &fg 

£ At 81-2 F,g £At8tXI = g bfss}Q ( 3£H£, £ 3C0il SAI9 SOI, XI1 1 

»(101)0llte F, ^eSOll ^§6K)1 AStSOl 8«a:Q. XH2Sd02)S F 2 ttS30ll 

o\ vmmo* bb,'9oi 8«8Q. oiaa 3f§oi B**aoi ^ ababsj qb^(ioi. 102, 101. 102)01 t^s 
q. oi2f 1*01, jib &011 ^ mxi2i mai 011 g^em, m§oi 3,01 a§ ¥ :> r xi bs»b 

£AH^ 2AfgoSM| f = 36fb Q&m & k EH2| QgQiB 8018131 4 s H£01. AH sL OE 

IHS §14=21 ej§]£ £!i£[ ±±D\±2k 01011 #88te ^§11 OlgshCjS 8018131 3 3 St 4 s 

HO. 

£ 3db, &3I2J 5§ e^Oil A^g£jfe ^§ EfSI Bf»A|9PI ^loH Af§£|fe ^f^is UOfci! SOIO. 
SOII AH g bhSJ- U0|. ArF, KrF ^ XeCI §S bl52^ Ef§S| ^^Al^l^ ^IXHIgSAH A^ 

g§(Photol ithography)£| SBScaSXKPhoto Stepper)01l£ Af§£lb ^IfllBOIO. 0»» QISI 

^^A|9|^| ^loHAi 0|^(Ar + )0IU C0 2 ^IxHIE Af§I ^ HO. ^. Sfe^B ^^A|3|fe g 

LH CHI Z\mel D\±W ^^&^^M1, g^^SOII IJfith [}o t!} Efgoj i§ ^^AIIJ ^ HO. 

£ 4^ S ^SOil OE 51 5fs,oi^e^ ye^iB ^H^^^M eaib B^SEOIO. EAI^ i*0|, 

i\m(5)m m&&m ^ h^ j\x\zus)j\ ^xiacn h^ awitia, stHdjsi ^¥oii ^xisioi Pie(5) 

^Oil ^^^11 i^t ^ H^ ^^B3SXI(7)S* , ?ybH(1)2J ^^011 mx\s\o\ ±±D\±m m&&M 
a J§Ii ^^A|^ ^ie(5)0|| 5Af6fb ^g^Sxl(9) ^ LH¥M XH^o^ ^X\m ^ H^ 

SJg§xl(11)M HO. OU\M SgSxl^ lEHdl SH(Rotary pump). 0|£ 

gH(Diffusion pump) §y B&F0I2 SH(Cryogenic Pump) M°J ^gS5§ m 5§ ^^Oll S=^l ^^61 
^xl6K)1 AFgahffl. Si sm LH2J 1 mtorr LHXI 700 torr A\0\2\ ^XIAI^ 4= §£°J 

^^S2Sxl(7)b ^r^^^^F 2^301 HH gttf(1)2* 2^£|^ B¥01fe ±±J\±m ^W(1) 

^|&(5) ^AUT 4= Hi= ^^^AfV(71)^ ^^£JCH HO. 0l£i§[ ^^SA^(71)b 

3I©(5)0II CHoHAI 4^^°^ @A^tt 4^ H£^ ^2 DS^21 ^^£ICH HO. 

XI X|xHK3)& Zl ^¥0il D\&(5)m 4*^5^1 BBI^s 4^ HE^ ^IB(5)S| 3^1011 ±%2] ^01^ S 
B ^^£JCH Hi= ^IB X|X|¥(31)S 5&iC}. H2.II2. D\B(5)9\ 6f¥S^0||^ ^IB(5)B ^^1? ^ H 
EH| ^§§x|(13)^ ^xlEJCH HbGil. 0| ^^§xl(13)^ BAI^ LH Oil P|&(5)B ^^61 Dimm 4 s H£ 
^ RTP(Papid Thermal Processor > Oil Afgtl^ g°12| ^r^Sxiei ^01 b r ^^6rO. 0\D\M. ^H^2J 
^^§X|(13)^ XI XI xll Oil ^xlii HXIRh, ^S^^OII g§I ^Xl §£M ±% >1£l OI^SJCH 

8W{1)2| ^¥011 9*TB *E 2^0. »XI»l(3)fe §016^1 8^8^01 ^^61 a^AI 

3PI. ^SHAi ^2£^0I feg Hiy , OHM MCH, S^^£| XI XI x^l ^£ie3FHF0|H ^ ^S(quartz) 

§og ^^£1^ ^1 01 tir^^lSrO. 

&SSSxl(9)^ EfSOl M^. OE ^4=2J y§H ^^AI^J SAUT 4= H£^ ^^2J S^^¥(£ 5a2J 
9a.9b)^r HH. S^^¥(9a.9b)2J e CH^ 6rUM <y^m01 ?AI-tt 4 1 HSE^ XJICHBh^ 

S5M¥(0I£A|)M HO. £^£i¥(9a,9b){= 01 £H J\J\ IlfSB ^hS ^111 ^^A|^' 4^ H 

2U, OPIAH^r aiOIXH^SJ S^^f ^^AI^JO. 

E 5a^ £ 4£| ^SSSxIHI XH^EM ^CHSKM £Ale[ £PJOIO. EAI9 bh2f ^01. SSSSxl (9)011 
b. 5A|£|b ^d°l 3IB(5)2| BQOII CHoHAj 4-S6MI 5M£JE^ ^ 4^^HSJ ^^^¥(9a,9b)^ 

«Hx|£|CH HO. 2| §^^¥(9a.9b)b ^0|& Ef§g ^2! ^§g§ ^^AI3lb M ^ o\™ m 

o\ u^ai ^xisioi ho. m\n, ss3Sxi(9)2i ¥^ii e^joiife ssssxio)^ nsi siet? ^ hse 

m ^(91)01 m&S\0\ HOH , §<y°§ SAIS dfSI ^Ol ^^£| PIB(5)0ll CHoHAi ¥xH^M S 

^rn^Ai s^s^i oiemoi 4- ho. 01 tm, &iesoi sMsife esi stnd) ^^oii 

b yg^si oieB oo ^§ii jitmm ^ h^ xnsi¥d5)^ ^^sch ho. 

£ 5bb &g3§X|2] Oe ^EHS UOtH ^H^E^AI, £A|£| b^2f ^0|. Siel £ 5a2f tilJ2a r 01 
SB ^ie(5)0il CH8H S^8MI 5A|8ffe ii'SlU, ^S3Sxl(9)^F ^^0|g ^^SMI ¥^£|CM 

^'<y^2J ^£11 CTiEl 3|^^o^ gg=§xl(9)B 0l = A|9|b ^^i¥XH(10)^F CH SlrSIOI HO. OO 
/H. yg^OI 3IB(5)2| SSI ^^H8rb ^^Oil HCHAI 2ttt& ^SCH^ SSSSxl(9)^r ^IB(5)2J e 
SOil CH6H A| ^2!!¥XHd0)0l| SJ oH/H SS8^I 5,'^OIMB a v ^^AM. ^lii ^IB(5)0|| 3SA r 6r^ ^^01 
O. 01 CHI Wt&M, xHBI¥(15a)2| fJSS«£ HO. m, £ 5a£| SJg^l ^gH^^OIIAlb 

x|(9)2f Oie 6^ Sm(1)2| ^SCHlAi yea B¥2| 0ie>l£I^F ¥XH^2J ^2| ^OISM xUHISJOt 6fXI 

^i<yoie^ ^^i^^oii>db ass§xi(9)^ oie§[ >i£i°iM&i xfJHias xnsiaf^ s« 
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01 tiling §§01 °[CK 

£ 6S B tt80ll EOE 51 a«.OI«B»f ^STISJ CIE ^'AIOIIM £AI& 3H^£0IQ. EA[@ bhSJ- 1* 

oi. tib(5)m eei^e 4> sa^ xixixaom at auKUst. sw(i)2i «¥oi ^xisjch 3ie(s) ttoo 

Slili 838}^ »§3§xl(9)2K LHSJ Z>IB(5) ^ CHI ^4*21 ^Tf^M S3K 4> £fe ZH± 

B3SXI(7)2K £§tti(1)2J- £^£J0i °Js»e Xi&°S ^X|A||J 4= 2A*= £!3SXI(11)» H 

0\D\M, £ 4 Oil £AI9 U\& &0\zl ^§21 »CL 

SB33xl(9)^ 6»¥0|| ^xt^JCH 2ACH, &*§»0I ZMB(5) S^Oil CH3F0I 4^°^ £A|@CI. 

2IB(5) SSI 5AH^ 4= 2Ai= Afi^Q. 

^S3SXI(7)£, D\±¥M^(7))Jl gtH(1)2| ^^Oil ^x|£J0i 2ACH, 2IB(5)2| B£0il CH6H 4^998 
2£ ^A>S£H m xlSCH 2AD. 3>I^A^(71)^ SAt&BOII CH6H Ai ?H»E! SA>? i^og 9«E|0i 

SAD. 

SES. SbUUfe Ui¥ g«M #8>S ^5l£Ai }|B(5)°^^EI £3 HZ\ 0l^£JOi SS6f}j| gx|£ 
£*¥H3H(17)S CH 5S8H2 2AOi, atfl(1) LH2J ±±D\±2\ 3^SB(oas stream)^ 3 USUI £!£« 4* 
2A£H| »£SQ. 

£ 7ai= £ 62| ^Al Oil CHI CEfE #S3§Xl(9)2j 3HBf2!2S £A|el HHSEOICK £AIS bh2f 3 

0|, ¥ THI W^m D\B Um yill 5 AH. 1, UE>yi 2°^AH, ^g*gl¥(9a,9b)2J 5f¥S 

Oil S*f£IOi yiil B»A|9lte gf^SI S»gl¥S(9a f 9b)0| bH x| £J CH 2ACI. OPI/H. HfSOl 

ah^ &gie mnM3\± 2| »w«y^(ga.gb)^ ai^ ei 98^0) ncus bHxiaio, pib(5) aaoii 

3EAHI ttHb OIS S <^^@ CH^ eh Efxh^ ^ s g«^«(g a SEh: 9b)B iJMQCf. 3 £16^01, Ai^ CI 

SAP. 

£ 7bi= £ 62] SS3SXI2J Om mEl\m UEffcH 5^^Ai ( £A|2 bl£f 1*01. £*B3§xl(9)2J S^S 

oiiiz: e^oii fj=^(92)e s^2s sjem^ &mms\ *im¥(93)i\ zin, 01 ^§¥(93)011^ q 

^^^¥(9a,9b.9c,9d)^ S^^^ bHx|£JCH S^SIOi 91Q . 8h¥22| S^OlIb am 

si i° e ^¥°j s^i oil Qtmmo* &mmo\ zmm ^ ?i^m ^§21 ^h^pvos)^ s-^sa ch ^ci. oim s 

^^¥(9a LH XI 9d)M^ C|E IIISI ^5! y§ii ^ V ^A|^ 4^ ^°01, ^ee(91)g Si MAI 34 ^ 

mssj }fi^¥(95)oii ^xiai^i ^ib(5) ^oii ^§Ef§°i eiese 5AUI^ ^ SAP. 01 

z\m &sssxi(9)^ sie^e ^^a^i £^ ^^ai^i^i ?imoj ^ois smsi ^i^m 

o\9} ^oi, s ^soii mis, ^ie(5) ^011 s28^/h, ^4=°j £§h[§i y 

m&m ±% mzi mcH^ ^ieoii sa^e. 5^01 cie a§^i sou goia^i mgw ^ 910. 

i^sii t^^Ai^ife g^^ssj qb o\\^.M, ^^e^eoi ^oiaixiei ^s^eoi ^ai 

eh ^4^2] ^^^^M ^§A|^ i^ 1 S3tt 4= 2A£^ ^5ilO|^HM 5& k £[ ^^S^§Tx|2f, 

om^m m&m ^ aicf. ^. oils mch, ^a^eoi ^a^ a §j b ^^^^hj ^ ^fxi 

AI5FS ^Oil A^OI □ °01l A ±±Dt±9\ g^M e&6Hl B g^S^Ai =^ 

§i 5Afa^ ^ib ^oii bsioi i^^a. oie.H&[ si^efs &m$= 

cie^e 4^ aia. 01^31 ^01, ^a^eoi ±±j\±mm ^ea^, b^e^g 01 
mmo\ mcn^ 5^ 5gs2SMi cm^e goia^i 4^ 2ici. 

SE 8^ S 51 If^l^e^SOil £lef CI#^M ^oH A^g£J^ ^^^^^Ai ln(CH3)3 

2f P(CH3)30il CH«[ i§411 UEftil HBHH0I Q . £A|@ tifSf ^01, H1 1 ^Z^ej ln(CH3)3^ 211 
nm2J mSWM EI3(Paek)xlM UEIU3 2AH, XH2^^5^ej P(CH3)3^ 202 nmOilAi HIBxIM UEILHI2 
SACK ^, ¥ ^§ IUSrCHI CHoHAH ^a^MOl Ai^ CIB SOI^n 2AD. Ol^lAi, In2f P£J 

¥ §J^M ^^olOI InP^^. GaAs ^IBOIlAi Xil S S n^^XfOII yd| Aig£J^ °|^^Ai, 

i^aFoi Aiea^ ^01 ^y^oici. m-\Li, m^s\ ^g^nioii sja^, in^ inP^i simoi 
m&m om^o\ ±x\s\ m&m i^aish^ 9iq. ois^i inuj- inPM ^&moi ci#°im s^api 

^ioHAi^, eiXH, SSI ^bH(1) Ui¥M 4=^J torrH] ^^H^ ^XIAI9|2Ai ^IB(5) &0II 

ln(CH3)32f P(CH3)32j ^^P^M ^EJAIZia. ^IB(5) ^011 200 nm Ef§I 

2f 230 nm^i Rf§M ^f^J ^§§1 ^^01 HQi^ ^A^6I3 In/lnPSJ Cf#°ie gOia^l 4^ 2A 

CI. m. 230 nm£) Sl§§| ^A|6^ ln(CH3)3^l ^§§1 ^4-aiOl 01Z>|£|£Ai D\B &0\\ In^s ^^af 
Til £112, 01 ^ 200nm£] 5Af6^ ln(CH3)32l P(CH3)3 2¥ 01 S^aFOI InHI P^l 2 

¥ ZM&01I e^SSAi InPSfM mgo\J\\&Q. OlEHeh mCH^ ^M&o^AM [ln/lnP]M TI^B^I 

^ ai^ Cie^M 4^ SAP. 

fi£t^, e ^soii wb s§ §i^^i^e^^oii a#sf ^aie ^ib ^oii Diise.1 ^xim 

CH0||£ sjgir 4- 2ACL 0iieai^Xf2J lfi|[ ^P^Q^oi 3HHIiAIEi^ g^(capacitance)s mi\M 
3PI ^!5HAi^ ¥ AFOIOII ^SM^'^Ai BST( (Ba.Sr )TiO x ) % PLZT( (Pb,La)(Zr ,Ti )0 3 ) SSI 

zq^ssjm Aiga^ 5oi yf^5i6fa. o\t-\m n^^ot^ ^^21 si^soi ^i^aoi agsfos oi^ch 

& ^&^& v M^Ai ^|^2J ^B2£b 3 S^^SOI ^Smi2 OIBQ. 01 a » H^Sa|£ S ttBOII 21 
5§ SIs^l^e^SM OlgaiS S0I6MI g^lT 4^ 2ACI. 

BSTM 0||£ MS. SJXH Ba, Sr. £! Tie S& v of^ &3\±±D\±m& &±&I}(0)m S& v ofe ±±J\±W 
^ A| Oil TIB ^011 i^elD. Ba r^TI^M S^SFAI3|fe Hf§°i ^ISi ^§AIZi TIB^Oil 5Ah6l01 

Ba m&mo. n& am. &±±±j\±w s^sapi^ mssi ^§aib tib^oii sAiai 

01 Ba <i^s|g W&mO. 3£IH. Sr ^^TI^M ^^^}A|9|^ Ef§2| 4i§AIB ^AiafOj Sr 
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fits g&ai3, DAI <L^^:>^S g^5|AI9l^ II|g2| £§AIZI 3£A>8|OI Sr ^sisie 

shp. zi^ ci§, Ti ^m^a i^siai^i^ mgsj aiiti ^gAiej ^Aiaioi ti fits m&m ^, 

<L^£±:>l^s £t£3IA|5?l^r if £§A|^g SA>3f01 Ti ttStQtS S&&CI. 0| HH. fit 

§!2J i!£!£A^ ^§g°J SA|£/H0il OldlAi ^SIAI^ 4* , SE§> 0*3 Sg£/dOII «*| 

g£j £Auizm iimoi goiawi s^ir ^ sua. oigai smsi sie^i moiiAi nisoi aim as ^ 

4^21 ^§§11 £x*32S SA*»2£«. 2*SWfiJ BST fits gOim^l ggft 4* &CI. 

oi2i hoi s ^gsi s§ stt^igsstsoii sis* q§qi g^^g ±±D\±wm mai oil :>ie 

£tOII §38f2 /HS «0I& HIS2J ^§31 51 CHS SSfA|3J SAI8I3 Q#S|0| i^£JH^ f SSOI 2i 
^^r^^SI }|^« s*g ^XHol UrfcAIS 4 s SSOI SiCf. 3 £13, ^IS 5AfAI 

S§SK)j St^2J ^XKI M 2&go*°£. ±:>^£2| 5^§fOI fitSSI ¥2Hls £^8l*r 

°jssq fite ^fliu ^^oi goiaioi ss^^pi mz\m ssoi 2ia. 

S ttSOII 2jsf QSQisaggs. S^dHGSI dH ai CH 5tfi£/H Ahg£J^ §»2t(TiN f WN B)m S 
S^U, 3HIHAIEH0II 3^2 sUs g*t^ ^, 2^ dH£ICH fit(Pt. RbO % Au e)s ggShfc g§OII£ 
3gS 4= &Ch ^81, TiNHI U£ fits ggSt S^Oil^ 3 ^^k^l £SJ OfL|£| §y 

gOII 2|oH/H£ est£l°^. ^I&I &£A|2]»e, §S[ £t^AliJ 4= 2A£r fill ^s 

4 s SACK SE§t El bH £101 fitl S&SKH C|#fits S«3HD» §[CI£, TiN^ I«f§§ 8t3 El 

as ^6ii «s*ais2s*i. pgats m^m &a. 



^gel Hl-Sf ^01 S g£§2| S£ 3t&,O|£tS£t£0ll 2le! C|#fit §^^gg JIB ^ CHI ^4*21 ^^l^ 

m &ehs s^ai3 nisoi &o\m m^°\ a Jiii ^^^o^ ^AUt^^Mi, &o\\ q 

32.112, ^4^2J e 011= ami <M^ m01 x Af ^og M1 g^Shog fitH2J ^ SJ ^ZHI B 

gOI6^l 3£^lt 4= 2iCH. g§ 5§^0| ?4^CI. 

EEei:, ^^2J ^^9^s ^IB = A| CHI S^tt 4 s ffH^Oil, ^^^^g &J9j6^l i!S 

^ 2iCH eatSb|£] ^Si 2§A|^ 4* 

s ^go| ss g|s^|Ah gS | «hg^|^ §ytH LH°J ^IB^¥0II ^4>°l AH^ ^tOlet Qf§l 1§3§ 
XI M ^bla^^Mi, AH^ tfOIS HfSs 3IB «0|| 5A^a^01 CI ^ fits S0|»J| 8«« 4- HO. 

3 £13, ^|&s ^l^it 4- H^ ^I^SxIM ?dl5l01, 0IU£l ^s Oie^W W 

aaAiassw. e^toi oias etus eoisi^i i^tt ^ hci. 



(57) g?2l g?/ 
S^S 1 

g§§ £!^ft ^lEhs Qf^afb 

^^i ^oii ^its ^4^°j ^^^i^ ^^ipis ^^sfe e^i; 

qb wmm 3>= m^zi y§s ^t^ts ^>oi ^ie ^ti m\ ±±j\±mo\\ moi^ ^§ai^ 

^AlSIb HstSlfe 5ie ^§£5 6fe CI # fit g^^S. 

2 

HI 1st Oil °AO\M, £J\ ^^I^IM ^^6te 2EA|6I^ B3|| A|0| Oil Ai^ OB w 

§§ ^4-2J a JfiI ^^SA|3lb E+^IIM Ci Ssta^ ^!s ^S^^ afe Clgfit i^^ts. 

3 

H1 1 1t Oil 2^1 CH AH , &J\ ^^9\ e^tsOl AH eL 51s 5^ Cl#fit m& 

&ts. 

S^S 4 

HI 3 It Oil ^CHAH, ^Ol ^^^^M^ EISS^OI Ai^ ^t0|^ 5!s ^§25 61^ CI g fit l^^t 

s. 

5 

HI 4 W Oil HOiAi, ^^^^^ P(CH3)32I ln(CH3)3£l 31 ^§2£ ai^ Clgfit 

S?8 6 

HMltOil 2iCHAi, £J\ OB HISs ^4^2j Hlgllg ±±D\±m B ^Oi£ Oi!= aiUOII 

2ia« a^scH ±±Jt±2i &a\m o\o\ ai^ ^ ai^ ci#°t m&q&. 

7 

HI6StO|| HOiAi, &OI e Oii=i 8IU3I 5A|£|^ ^21 2| &!I^|a§ e ^OiSE QtU^I Sts 

s sioi fits m&si^ ^§25 ai^ C|#fit ^^^e. 
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8?8 8 

XII780II 910\M, ^eOil SrOISV ^^9^ 2]2| El a|8£ y JI§ 81X1 &b 31 ^§2§ 81 

t aaaf 8&gjs. 
a?« 9 

xii 1^ mxi 3188 § oij= §t 8oii °[ouh. ye^gsi aioixi8 s^ihy&i si ^§21 
a?» 10 

3I980II ?10\M. 4tD\ Slgi^ £PI ?ie 2 2 CHI CHoH 0|=6hO1 &D\ ?|B SSi ^(scan) 

8K= 31 ^S2^ 8fe D*S| 

a?s 11 

3118011 £101 Al, 331 SB5(^ 9?I3I« 8£8r£r B2I 3 (HI 1 mtorr LH XI 760 torr M0I2] JH8fS?PI 
m 8£l8fe B3IM CH S»»te 31 ^§25 8f*=r Q«QJ 8£gJ3. 

a?» 12 

SSI 0^6^ B3I; 

«3i i\m &o\\ ±±d\± s?pib agate eai: 

321 D\mm g£g ^saizi :ns a! aiz^e/H. de nf§§ g*e ^i 
:>ie 321 -t^^son mcu^ £§Aiet £Af8fe b^i; 

321 ?iei Aizmei- 2[i2!2£ a! a^we b^im s»»e 31 is2§ me 8 
3&g. 

a?s 13 

31128011 £101 AH , 321 3^ ^ a^lefb B3llfe 331 £898 £A r 8 r e B3I2J- mCH^ £!^£ie 

31 "§2S 8 r e C|§^ S3gjg. 

a ^8 14 

m 128 oil &ioiah, 321 D\mm itm ^ yj^me B^ie 321 y§g e oh i= am?* £Ata hh 

^AlOil 5!S!Eie 31 ^§2g 8ie Q§9t a3&B. 

a^a 15 

31128011 SiCHAH, 321 «4*2J £^:>r^l^ ^ e^MOl AH ^ 30IS 31 ^'25 8rb Cfi^l 83 

Oh OH 
o «=» . 

a?» 16 

3M2801I 9io\M, 3?i m^s* m ^oit emb gemoii £is^ esjae 31 IS2^ 8ie 

ass* ag»g. 

a?a 17 

31128011 SiCHAH . 321 MS QB IU-3S 3>te ^§SI§ 331 4:^3^8 g ^CH£ CH 1= 8m 

oil s\m m^zio\ 321 ±±ji±s) 3eum opi aiij ^ 3i a r e pee* «3»e. 

a?s 18 

31178011 SiCHAl, 331 yii e CH i= o^LP^ 5Af£jb §2! ^^1 2| ^f^i ^ ^01£ o\UH &li 

g 8f01 8^8^ 31 ^S^^ 8fe 8^^S. 

a^P8 19 

31 188 Oil 2^0UH, *}m0U &Q\m El ^^^^^ °I8^ Slii oh XI 31 ^§2S 

8^ 8£^e. 
a?a 20 

31128011 SICHA1, £D\ S^fA ^^l^lM 8^8fe B^l 2011 1 mtorr LHXI 760 torr A r 0|£J XH^^^I^I 
S 8^8fe B3IM CH 588fe 31 ^§2£ 8ri= Cf#B| 8^^S. 

a ^8 21 

LH^OH ^OIH 8rU2| §3^1 4 s 2izr XI XI xil M ^hH2f : 

^>0| ^tH U121 3^1 ^leoil ^4=^1 ^^^ r ^M 4 Stfe ^^S2SX|2|; 

^^i ^tn°i ^^oii §s[aoi ai^ wmm y§^i ^e«^o^ ^i e01 , ^ A i8fe 

a^?8 22 
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S^PS 23 

AI21801I 91CHM, &D\ ^±33S£I OHM 5S£Jb HD\ ±±J\±m ZfatS &0I§* ^§E*30ll °JoHAi &! 
24 

HI 23^ Oil 2iCH AH , £J\ ±±D[±mS = £|^g0| AH 1 £JO|§* ^§2S 5rb 51 Sl^l&e^ 

S?» 25 

Hi2i^oii °icHAi ( ^01 am msj ^ ¥0J1 gxi£jo] a^i ^sssms^h ggg^ £^;>^:>r 

3=P& 26 

XII218 £^ XII 258 Oil °[OiAH, ^ZH S33SX|£¥EI §Af9 £^l &1§S8 feT^I 2IB0II 4>B8tJI £A* 
£Jfe 2S IS25 6ri= S§ SfS^I&g^ bj§;|. 

3^P8 27 

XII218 SE^r HI 25 W Oil £AOI AH , &3| »S3SXIS^H H A|-£J ^ ^flg &HOIXH8 S^^Ajoj 5i sxj 
2£ 6fe SfS.^l^esf &!§^L 

S?» 28 

HI218 SE^r HI 258 Oil <&0\ AH, &3| igggilb, &3| ^4*£l efg»OI £>0| 2IB SSOil CH6H 4*8 S> 
31 2IB 2£S ^2!!a 4= Ol^Sfe ^2H«jh§ S85**r 21 ^§2S 6rfe 51 ^sv^iAhssh 

a?» 29 

XH121 & SE^r XII 258 Oil 2iOUH. ^Ol »S3SXIfe £§£| g£J21 *!Oi£ UiOilAi 

6F01 3|&8 ^^H(scan)5fe 31 ^§25 8 r £r 51 sf^l&e^ a JI^I. 

§^P8 30 

HJ21801I S^CHAH, i^hHHJ ^0I| £x|£JOi &2I 4:^:>r^M0l £PI 3|&2| BSOII CH oH AH 4=S6[}il 

^M£MI Srh: ^^^M^I CH ^fe 3S ^S25 mizr 5§ as^l^e^ ^§^1. 

S^P8 31 

BI21S SE{= HI3080U &OUH. »B3SMte &D\ IS bH Sj ^¥0il ^xlSOi £>0| 3IBS BE Oil CH oH 

AH aj^.^o^ ^510^ Ah^| bj ggi 4, oi^jg tJHxl£l^ 31 ^§25 8r£r 51 SfS^I&e 

S^PS 32 

HI 31^ Oil °[CHAH, ^g^gxlfe AH ^ CIM HI- Sit ^H°J ^51 S&6^ 

2i 6^ si sf^^i^e^ &he^i. 
33 

H 1 32 ^ Oil 910\M, SSSSxl^ ^^?H°I ^5 g CH!= ^HfgOII Q\z± SeS^il 6hCM 

moil £§Ai2* ^ei ^ea^sis^ hichs^ g^^^^ie ssshfe 5ie ^§°s si sm^i^g 

^ Sli^l. 
S^PS 34 

Hi2 1^011 °[chah . &oi AiAixiifer v\&m o\mm ^ ^ i\m%x\m ch s&am ^ ^§2 
1 51 si^i^e*! aie^i. 

S^PS 35 

HI21S SE^ HI 34^ Oil £iOiAH, ^9| ^^Sxl^ g^^fiSS (Rapid Thermal Processor )g ^Hej 31 
^§25 51 sf°^l^e^ 

a 1 ?^ 36 

HI 35 Oil ^CHAH. ^P| ^^^^M e CH 1= 6fUb Ol^e ^g6fS S^Sf£lfe 31 ^§2£ 

6rb 51 5f*^l^e^ y§;|. 

S^PS 37 
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S2^ 6f*r 5§ aa.^l^gsf 
S^S 38 

m oil ™o\S: ¥ :>H2i ^^^f^M §3§i 4^ si^ ^sesxia; 

a?» 39 

«i38soii ?io\M, ±±i\±ms ^^m^mo\ &s cie ^§2£ an= 5i s^i&e*f 
§:?i. 

si s^oi^e^ a Ji^i. 

S?» 41 

*ii40goii siCHAH, ^pi ^^18 6Pi siiii a 4^01 ?ie goii °>s sgst^ m^z.^ b\ 
a=?» 42 

xii388oii ^chah, £pi ^gggxife £pi ±±ii±mm ^ssfoi mcui 5 so- 4= zjtt: naioi^i u 

43 

HI3880II SiOiAl, &3>| !SbH°J ^ ^ CHI £jtH LH2J gfS*S 3gftt 4* 9±t= S5SXIM CH SB8H= 21 = 

§2§ a^ 5i m^Ji&m^ y§^i. 



?l£ 5«i EM 



] 81 



ZAWOt ctS«t« EMI 



S2 



S3 



S4 
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7i& s*: em: 



S11 















5Af*fO| C^*f# «^*>fe EMI 



S13 



SI 4 




(Absorption) (Photo- (Reaction) (Deposition) 

clssociation) 
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■&3a 



(slm) 



KZltt) 



(slm) 



Km) 



(slm) 





Fi 













(slm) 



Km) 



102 
101 
102 
101 



100 
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ArF^IA;^ 
Kr~ ajA|CH 
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